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INTRODUCTION 
We describe a method for the measurement of thermal diffusivity of anisotropic 
materials. The technique uses a single pulse of light from a flashlamp on the front surface 
of a slap of material, part of which is shadowed by a rectangular mask. By fitting the 
measured rear surface temperature distributions as a function of time and space to a 
theoretical model, we obtain the thermal diffusivities in three orthogonal directions. 
EXPERIMENT 
In Fig. 1, we show a time sequence of front surface temperature patterns around a 
square mask on an aluminum slab which has been flash-heated. As time progresses, these 
images show the diffusion of heat into the region behind the mask, resulting in an 
extension of the shadow of the mask (darker regions in the images) into the heated region 
surrounding it. These time and space dependences of this shadow can be used to determine 
the in-plane diffusivities in the directions orthogonal to the edges of the square. The 
diffusivity in the third direction (through the slab) can be measured by monitoring the rear 
surface temperature as a function of time. As a practical matter, if one measures the spatial 
and time distribution of the temperature on the rear surface of the slab, one can obtain the 
diffusivities in the three orthogonal directions with a single pulse of heat. 
90ms 2 1 Oms 
-=--"" 
-
t, l 
I I' 
870ms 1.700m 
Fig. 1 Time sequence of front surface temperature patterns around a square mask on an 
aluminum slab which has been flash-heated. 
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THEORY 
In the traditional transmission method of determining thermal diffusivity [1], a flash 
of thermal energy is applied to the front face of the sample, and the resulting temperature 
variation on the back face is then measured as a function of time. The diffusivity is 
determined from a determination of the time required for the temperature to reach one half 
of its maximum value. The method described here has the important advantage of 
providing diffusivity values in three distinct orthogonal directions, as well as considerably 
improved precision, which results from the fitting of both the spatial and temporal aspects 
of the data. 
Equation I is an expression for the rear-surface temperature distribution, T R' in the 
vicinity of the comer of a square shadow. Here, x and y are coordinates measured parallel 
to the two edges of the comer shadow, with their common origin at the comer, and ai' 0. 2' 
and Cl:J are the x-,y-, and z-components of the diffusivity, respectively. This equation is the 
basis for the theoretical fits used to obtain the values of the thermal diffusivities. 
EXPERIMENTAL RESULTS 
A typical IR image frame of the rear surface temperature pattern for a sheet of 
graphite-fiber-reinforced polymer composite material is shown in Fig. 2. The fibers in the 
sheet are unidirection, oriented horizontally in Fig. 2. The "shadow" region is in the upper 
left comer of the image. The differences of the blurring for the vertical and horizontal 
edges of the shadow in Fig. 2 are evidence for the in-plane anisotropy in the diffusivity of 
this sample. An analysis of this blurring, using Eq. (1), is displayed in Figs. 3-5. The 
resulting three thermal diffusivities (O.042cm2/s; O.OO8cm2/s; O.0046cm2/s) clearly show 
the anisotropy in all three dimensions for this preliminary test of the method on a polymer 
composite. In practice, we utilize not one such curve, but a family of curves for a large 
number of frame times (for lateral diffusion, as in Figs. 3,4), and a number of positions 
(for diffusion across the plate, as in Fig. 5) to obtain more precise estimates of the thermal 
properties of the material. 
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Fig. 2 Typical IR frame of the rear surface temperature pattern pattern for a sheet of 
graphite-fiber-reinforced polymer composite material. 
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Fig. 3 Comparison between experiment (points) and Eq. (1) (line) for the time dependent 
thermal diffusion across the slab in a region away from the shadow (see Fig. 1). 
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Fig. 4 Comparison between experiment (dashed line) and Eq. (1) (solid line) for the lateral 
thermal diffusion across the shadow in the high diffusivity (horizontal) direction parallel to 
the graphite fibers (see Fig. 1). 
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Fig. 5 Comparison between experiment (symbols) and Eq. (1) (line) for the lateral 
thermal diffusion across the shadow in the low diffusivity (vertical) direction perpendicular 
to the graphite fibers (see Fig. 1). 
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CONCLUSIONS 
This method provides for rapid measurements of thermal diffusivities in three 
orthogonal directions. Theory and experiment are in good agreement, so that full use of the 
large data set in a sequence of images allows a very accurate determination of the diffusivity 
tensor. 
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